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(54) Plasma display apparatus

(57) There is provided a plasma display apparatus.
The plasma display apparatus includes a scan-up switch
and a scan-down switch whose one ends are connected
to the panel so as to apply a scan signal to a panel; and

a scan switch that is connected to a node that is posi-
tioned on a path of a resonance current flowing to the
panel and the scan-up switch therebetween. Therefore,
it is possible to reduce a manufacturing cost of a driving
circuit for driving a panel.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a plasma dis-
play apparatus, and more particularly, to a plasma dis-
play apparatus that generates signals for driving a plas-
ma display panel to apply the signals to the panel.

2. Description of the Conventional Art

[0002] In general, a plasma display apparatus is an
apparatus that applies a predetermined voltage to elec-
trodes that are provided in a discharge space to generate
a discharge and excites a phosphor with plasma gener-
ating when a gas is discharged, thereby displaying an
image.
[0003] The plasma display apparatus has an advan-
tage that it is easy to manufacture the apparatus as it is
easy to increase a size and decrease a thickness thereof
and a structure thereof is simple and that brightness and
light emitting efficiency are high, compared to other flat
display apparatuses.
[0004] A plasma display panel is driven in a time divi-
sion manner into a reset period of initializing all discharge
cells that are provided, an address period of selecting a
cell in which a discharge is generated, and a sustain pe-
riod of generating a sustain discharge in the selected cell.
[0005] In order to drive the plasma display panel in a
time division manner, a plasma display apparatus in-
cludes a driving apparatus for generating several driving
signals to apply the signals to the panel. The driving ap-
paratus should be provided with an expensive switch
having a high withstanding voltage so as to apply a driving
signal, whereby there is a problem that a manufacturing
cost of the plasma display apparatus increases.

SUMMARY OF THE INVENTION

[0006] The present invention has been made in an ef-
fort to solve the above problems of the prior art, and it is
an object of the present invention to provide a plasma
display apparatus that can reduce a manufacture cost of
an apparatus for driving a plasma display panel.
[0007] According to an aspect of the present invention,
there is provided a plasma display apparatus including:
a scan-up switch and a scan-down switch whose one
ends are connected to the panel so as to apply a scan
signal to a panel; and a scan switch that is connected to
a node that is positioned on a path of a resonance current
flowing to the panel and the scan-up switch therebe-
tween.
[0008] According to another aspect of the present in-
vention, there is provided a plasma display apparatus
including: a scan-up switch and a scan-down switch
whose one ends are connected to the panel so as to

apply a scan signal to a panel; a scan switch that is con-
nected to a node that is positioned on a path of a reso-
nance current flowing to the panel and the scan-up switch
therebetween; and a set-up switch whose one end is con-
nected to the node and whose the other end is connected
to the other end of the scan-up switch to be turned on so
as to apply a set-up signal to the panel.
[0009] According to another aspect of the present in-
vention, there is provided a plasma display apparatus
including: a charging unit that charges a sustain voltage
that is applied to a panel during a sustain period; and a
scan signal applying unit that applies a scan bias voltage
higher than a lowest voltage of a set-down signal to the
panel using a voltage that is charged in the charging unit.

BRIEF DESCRIPTION OF THE DRAWING

[0010] The invention will be described in detail with
reference to the following drawings in which like numerals
refer to like elements.

FIG. 1 is a perspective view illustrating an embodi-
ment of a plasma display panel structure;
FIG. 2 is a diagram illustrating an embodiment of an
electrode arrangement according to the plasma dis-
play panel;
FIG. 3 is a diagram illustrating an embodiment of a
method in which one frame of an image is driven in
a time division manner into a plurality of subfields in
a plasma display apparatus;
FIG. 4 is a circuit diagram illustrating a first embod-
iment of a driving circuit that is provided in a plasma
display apparatus according to the present inven-
tion;
FIG. 5 is a circuit diagram illustrating a second em-
bodiment of a driving circuit that is provided in the
plasma display apparatus according to the present
invention;
FIG. 6 is a timing chart illustrating a first embodiment
of a driving signal waveform according to the plasma
display panel;
FIG. 7 is a circuit diagram illustrating a third embod-
iment of a driving circuit that is provided in a plasma
display apparatus according to the present inven-
tion;
FIGS. 8A, 8B, and 8C are timing charts illustrating a
second to fourth embodiments of a driving signal
waveform according to the plasma display panel;
FIG. 9 is a timing chart illustrating a fifth embodiment
of a driving signal waveform according to the plasma
display panel;
FIG. 10 is a circuit diagram illustrating a fourth em-
bodiment of a driving circuit that is provided in a plas-
ma display apparatus according to the present in-
vention;
FIGS. 11 and 12 are circuit diagrams illustrating a
current pass of the driving circuit shown in FIG. 10;
FIG. 13 is a timing chart illustrating a sixth embodi-
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ment of a driving signal waveform according to the
plasma display panel;
FIG. 14 is a circuit diagram illustrating a fifth embod-
iment of a driving circuit that is provided in a plasma
display apparatus according to the present inven-
tion; and
FIG. 15 is a timing chart illustrating a seventh em-
bodiment of a driving signal waveform according to
the plasma display panel.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0011] Hereinafter, exemplary embodiments accord-
ing to the present invention will be described in detail with
reference to FIGS. 1 to 15.
[0012] FIG. 1 is a perspective view illustrating an em-
bodiment of a plasma display panel structure.
[0013] As shown in FIG. 1, a plasma display panel in-
cludes a scan electrode 11 and a sustain electrode 12,
which are a sustain electrode pair that is formed on an
upper substrate 10 and an address electrode 22 that is
formed on a lower substrate 20.
[0014] The sustain electrode pair 11 and 12 includes
transparent electrodes 11a and 12a and bus electrodes
11b and 12b that are generally made of indium-tin-oxide
(ITO). The bus electrodes 11b and 12b can be made of
a metal such as silver (Ag) and chrome (Cr) or can be
made with a stacked structure of chrome/copper/chrome
(Cr/Cu/Cr) or chrome/aluminum/chrome (Cr/Al/Cr). The
bus electrodes 11b and 12b are formed on the transpar-
ent electrodes 11a and 12a to reduce voltage drop due
to the transparent electrodes 11a and 12a having high
resistance.
[0015] According to an embodiment of the present in-
vention, the sustain electrode pair 11 and 12 can be com-
posed of a stacked structure of the transparent elec-
trodes 11a 12a and the bus electrodes 11b and 12b or
only the bus electrodes 11b and 12b without the trans-
parent electrodes 11a and 12a. Because the latter struc-
ture does not use the transparent electrodes 11a and
12a, a cost of manufacturing a panel can be decreased.
The bus electrodes 11b and 12b that are used in the
structure can be made of various materials such as a
photosensitive material in addition to the above-de-
scribed materials.
[0016] A black matrix BM 15, which performs a light
blocking function of reducing reflection by absorbing ex-
ternal light that is generated from the outside of the upper
substrate 10 and a function of improving purity and con-
trast of the upper substrate 10 is arranged between the
transparent electrodes 11a and 12a and the bus elec-
trodes 11b and 12b of the scan electrode 11 and the
sustain electrode 12.
[0017] The black matrix 15 according to an embodi-
ment of the present invention is formed in the upper sub-
strate 10 and includes a first black matrix 15 that is formed
in a position that is overlapped with a barrier rib 21 and

second black matrixes 11c and 12c that are formed be-
tween the transparent electrodes 11a and 12a and the
bus electrodes 11b and 12b. Here, the first black matrix
15 and the second black matrixes 11c and 12c that are
also referred to as a black layer or a black electrode layer
may be physically connected to each other when they
are formed at the same time in a forming process or may
be not physically connected to each other when they are
not formed at the same time.
[0018] Furthermore, when they are physically connect-
ed to each other, the first black matrix 15 and the second
black matrixes 11c and 12c are made of the same ma-
terial, but when they are physically separated from each
other, they may be made of other materials.
[0019] An upper dielectric layer 13 and a protective
film 14 are stacked in the upper substrate 10 in which
the scan electrode 11 and the sustain electrode 12 are
formed in parallel. Charged particles, which are gener-
ated by a discharge are accumulated in the upper die-
lectric layer 13 and perform a function of protecting the
sustain electrode pair 11 and 12. The protective film 14
protects the upper dielectric layer 13 from sputtering of
charged particles that are generated at a gas discharge
and enhances emission efficiency of a secondary elec-
tron.
[0020] Furthermore, the address electrode 22 is
formed in an intersecting direction of the scan electrode
11 and the sustain electrode 12. Furthermore, a lower
dielectric layer 24 and a barrier rib 21 are formed on the
lower substrate 20 in which the address electrode 22 is
formed.
[0021] Furthermore, a phosphor layer 23 is formed on
the surface of the lower dielectric layer 24 and the barrier
rib 21. In the barrier rib 21, a vertical barrier rib 21a and
a horizontal barrier rib 21b are formed in a closed manner
and the barrier rib 21 physically divides a discharge cell
and prevents ultraviolet rays and visible light that are gen-
erated by a discharge from leaking to adjacent discharge
cells.
[0022] A filter 100 can be attached to an entire surface
of the plasma display panel according to the present in-
vention and the filter 100 can include an anti-reflection
AR layer, a near infrared NIR blocking layer, an electro-
magnetic interference EMI blocking layer, or so on.
[0023] In an embodiment of the present invention, var-
ious shape of barrier rib structure as well as the barrier
rib 21 structure shown in FIG. 1 can be used. For exam-
ple, a differential barrier rib structure in which the vertical
barrier rib 21a and the horizontal barrier rib 21b have
different heights, a channel type barrier rib structure in
which a channel, which can be used as an exhaust pas-
sage is formed in at least one of the vertical barrier rib
21a and the horizontal barrier rib 21b, and a hollow type
barrier rib structure in which a hollow is formed in at least
one of the vertical barrier rib 21a and the horizontal barrier
rib 21b, can be used.
[0024] In the differential type barrier rib structure, it is
more preferable that a height of the horizontal barrier rib

3 4 



EP 1 758 082 A2

4

5

10

15

20

25

30

35

40

45

50

55

21b is higher than that of the vertical barrier rib 21a and
in the channel type barrier rib structure or the hollow type
barrier rib structure, it is preferable that a channel or a
hollow is formed in the horizontal barrier rib 21b.
[0025] In an embodiment of the present invention, it is
described as each of R, G, and B discharge cells is ar-
ranged on the same line, but they may be arranged in
other shapes. For example, delta type of arrangement in
which the R, G, and B discharge cells are arranged in a
triangle shape may be also used. Furthermore, the dis-
charge cell may have various polygonal shapes such as
a quadrilateral shape, a pentagonal shape, and a hex-
agonal shape.
[0026] Furthermore, the phosphor layer 23 emits light
by ultraviolet rays that are generated at a gas discharge
and generates any one visible light among red color R,
green color G, or blue color B light. Here, inert mixed gas
such as He+Xe, Ne+Xe, and He+Ne+Xe for performing
a discharge is injected into a discharge space that is pro-
vided between the upper and lower substrates 10 and
20 and the barrier rib 21.
[0027] FIG. 2 is a diagram illustrating an embodiment
of an electrode arrangement according to the plasma dis-
play panel.
[0028] It is preferable that a plurality of discharge cells
constituting the plasma display panel is arranged in a
matrix shape as shown in FIG. 2. Each of the plurality of
discharge cells is disposed at intersections of scan elec-
trode lines Y1 to Yn, sustain electrode lines Z1 to Zn, and
address electrode lines X1 to Xn. The scan electrode
lines Y1 to Yn may be sequentially or simultaneously
driven and the sustain electrode lines Z1 to Zn may be
simultaneously driven. The address electrode lines X1
to Xn may be driven by dividing into even-numbered lines
and odd-numbered lines or may be sequentially driven.
[0029] Because electrode arrangement shown in FIG.
2 is merely an embodiment of electrode arrangement of
a plasma panel according to the present invention, the
present invention is not limited to the electrode arrange-
ment and the driving method of the plasma display panel
shown in FIG. 2. For example, there may be used a dual
scan mode in which two scan electrode lines among the
scan electrode lines Y1 to Yn are scanned at the same
time. Furthermore, the address electrode lines X1 to Xn
may be driven by dividing into an upper and lower parts
in a central part of the panel.
[0030] FIG. 3 is a timing chart illustrating an embodi-
ment of a method of dividing one frame into a plurality of
subfields and driving them in a time division manner. In
order to realize time-divisional gray scale display, a unit
frame may be divided into a predetermined number, for
example, 8 subfields (SF1.... SF8). Furthermore, each
subfield (SF1,... SF8) is divided into a reset period (not
shown), an address period (A1.... A8), and a sustain pe-
riod (S1,... S8).
[0031] According to one embodiment of the present
invention, the reset period may be omitted in at least one
of a plurality of subfields. For example, the reset period

may exist in only a first subfield or in only the first subfield
and middle level of subfields among entire subfields.
[0032] In each of address periods (A1,... A8), an ad-
dress signal is applied to the address electrode X and a
scan signal corresponding to each scan electrode Y is
sequentially applied to each of scan electrode lines.
[0033] In each of the sustain periods (S1,... S8), a sus-
tain signal is alternately applied to the scan electrode Y
and the sustain electrode Z and in the address periods
(A1,... A8), a sustain discharge is generated in discharge
cells in which wall charges are formed.
[0034] Brightness of the plasma display panel is pro-
portional to the number of sustain discharge pulses of a
unit frame during the sustain discharge periods (S1,...
S8). When one frame forming one image is expressed
with 8 subfields and 256 gray scales, the number of dif-
ferent sustain signals may be allocated in order with a
ratio of 1, 2, 4, 8, 16, 32, 64, and 128 in each subfield.
For example, in order to obtain brightness of 133 gray
scales, a sustain discharge is performed by addressing
cells during a period of subfield 1, a period of subfield 3,
and a period of subfield 8.
[0035] The sustain discharge number, which is allo-
cated to each subfield may be variably determined by a
weight of subfields depending on an automatic power
control APC step. That is, FIG. 3 shows, as an example,
a case of dividing one frame into 8 subfields, but the
present invention is not limited thereto and the number
of subfields forming one frame can be variously changed
according to a design specification. For example, a plas-
ma display panel can be driven by dividing one frame
into 8 or more subfields such as 12 or 16 subfields.
[0036] Furthermore, the sustain discharge number,
which is allocated to each subfield can be variously
changed considering gamma characteristics or panel
characteristics. For example, a degree of a gray scale
that is allocated to subfield 4 can be lowered from 8 to 6
and that is allocated to subfield 6 can be raised from 32
to 34.
[0037] FIG. 4 is a circuit diagram illustrating a first em-
bodiment of a driving circuit that is provided in a plasma
display apparatus according to the present invention. The
driving circuit shown in FIG. 4 includes an energy recov-
ery unit 10, a sustain driver 20, a set-up signal applying
unit 30su, a set-down signal applying unit 30sd, a scan
bias signal applying unit 40sb, a scan pulse applying unit
40sp, and a scan IC (IC).
[0038] Referring to FIG. 4, the energy recovery unit 10
is connected to a sustain signal applying unit 20 so as to
minimize loss due to reactive power generated by charg-
ing a panel capacitor Cp up to a sustain voltage and dis-
charging again it during a sustain period.
[0039] The energy recovery unit 10 includes an induc-
tor that forms an LC resonance current along with the
panel capacitor Cp, a switch that is connected to the in-
ductor, and a source capacitor that stores energy that is
lost upon charging and discharging the panel. The res-
onance current is applied or recovered through a first

5 6 



EP 1 758 082 A2

5

5

10

15

20

25

30

35

40

45

50

55

node n1.
[0040] The panel capacitor Cp equivalently displays
capacitance that is formed between the scan electrode
Y and the sustain electrode Z.
[0041] As the first switch Q1, which is connected to a
highest sustain voltage source Vsus/2 and the first node
n1 therebetween is turned on by the control of a timing
controller, the sustain driver 20 supplies a highest sustain
voltage to the first node n1 on a path of a resonance
current.
[0042] As the second switch Q2, which is connected
to the first node n1 and a lowest sustain voltage source
-Vsus/2 therebetween is turned on by the control of a
timing controller, a sustain signal is generated by sup-
plying the lowest sustain voltage to the first node n1.
[0043] A voltage value that is applied to each of ele-
ments that are included in a driving circuit varies depend-
ing on a voltage value that is applied to the first node n1.
Accordingly, in the present embodiment, for example, by
setting a voltage value of the first node n1 to a ground
level, a highest sustain voltage to Vsus/2, and the lowest
sustain voltage to -Vsus/2, an operation of a driving circuit
according to the present invention will be described.
[0044] A reset signal applying unit includes a set-up
signal applying unit 30su for applying a set-up signal and
a set-down signal applying unit 30sd for applying a set-
down signal during a reset period.
[0045] As a set-up switch Q3 that is connected to a
set-up voltage source Vsu and the first node n1 therebe-
tween is turned on by the control of a timing controller,
the set-up signal applying unit 30su supplies a ramp form
of set-up signal that rises up to a set-up voltage to the
first node n1. A variable resistance VR1 for adjusting an
inclination of the ramp waveform is connected to a control
terminal of the set-up switch Q3.
[0046] As a set-down switch Q4 that is connected to
the first node n1 and the scan voltage source -Vy there-
between is turned on by the control of a timing controller,
the set-down signal applying unit 30sd supplies a ramp
form of set-down signal falling up to a set-down voltage
to the first node n1. A variable resistance VR2 for adjust-
ing an inclination of the ramp waveform is connected to
a control terminal of the set-down switch Q4.
[0047] A scan signal applying unit includes a scan bias
signal applying unit 40sb for applying a scan bias voltage
and a scan pulse applying unit 40sp for applying a scan
pulse during an address period.
[0048] A scan bios signal applying unit 40sb includes
a scan switch Q5 for applying a scan bias signal to a
panel capacitor Cp during an address period and the scan
switch Q5 and the set-up switch Q3 are connected to the
first node n1.
[0049] As shown in FIG. 4, a lowest sustain voltage
source -Vsus/2 of the sustain driver 20 may be used as
a scan bias voltage source, which is a voltage source for
supplying the scan bias voltage to the panel capacitor
Cp. If an address period is started as the scan switch Q5
is turned on, a scan bias voltage is generated as a wave-

form that is fallen up to the scan voltage source -Vy rises
up to the lowest sustain voltage source -Vsus/2.
[0050] The scan pulse applying unit 40sp includes a
scan pulse switch Q6 that is connected to the scan volt-
age source -Vy. As the scan pulse switch is turned on, a
scan signal falling from the scan bias voltage -Vsus/2 to
the scan voltage source -Vy is applied to generate an
address discharge.
[0051] The scan IC (IC) includes a scan-up switch Q7
and a scan-down switch Q8. A voltage of the first node
n1 is applied to the panel capacitor Cp or a voltage that
is charged to the panel capacitor Cp is discharged de-
pending on turning-on of switches Q7 and Q8 constituting
the scan IC (IC).
[0052] As shown in FIG. 4, as the scan switch Q5 is
connected to the first node n1, a voltage of Vsus/2 is
applied to the first node n1 and the panel capacitor Cp
at a time point when a sustain period is ended.
[0053] As a voltage of the first node n1 and that of the
panel capacitor Cp are the same, a voltage that is applied
to both ends Cp of the set-up switch Q3 becomes 0V
even if a set-up signal is applied to the panel capacitor
depending on turning-on of the scan switch Q5. There-
fore, during a set-up period, a withstanding voltage of the
scan switch Q5 can be prevented from exceeding.
[0054] Furthermore, during a reset period, the first
path-blocking element Q11 can be connected to the sus-
tain driver 20 and the first node n1 therebetween so that
a set-up signal is applied to the panel capacitor Cp
through the first node n1. The first path-blocking element
Q11 element may be a FET switch, a diode element, or
so on.
[0055] As shown in FIG. 4, the second path-blocking
element Q10 can be connected to the first node n1 and
the scan IC (IC) therebetween so that a scan bias signal
is applied to the panel capacitor Cp through the first node
n1 and the scan switch Q5 during an address period. The
first path-blocking element Q11 may be an element such
as a FET switch or a diode.
[0056] While a set-down signal falling to the scan volt-
age source -Vy is applied to the panel capacitor Cp during
a set-down period, the second path-blocking element
Q10 is turned off to block a current pass from the first
node n1.
[0057] While a scan signal falling from the scan bias
voltage to the scan voltage -Vy is applied to the panel
capacitor Cp during an address period, the second path-
blocking element Q10 is turned off to block a current pass
from the first node n1.
[0058] As shown in FIG. 4, it is preferable that a set-
down switch Q6 for applying a set-down signal to the
panel capacitor Cp is connected to the second path-
blocking element Q10 and the scan IC (IC) therebetween
and the set-down voltage source uses the same source
-Vy as the scan voltage source.
[0059] The complementary scan switch Q9, which
complementarily operates with the scan switch Q5, that
is, which is turned off when the scan switch Q5 is turned
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on and which is turned on when the scan switch Q5 is
turned off, can be connected in parallel to the scan IC
(IC). The complementary scan switch Q9 is turned on to
form a current pass in which a voltage that is applied to
the panel capacitor Cp falls up to the lowest sustain volt-
age source -Vsus/2 during a sustain period.
[0060] FIG. 5 is a circuit diagram illustrating a second
embodiment of a driving circuit that is provided in the
plasma display apparatus according to the present in-
vention. The driving circuit shown in FIG. 5 includes an
energy recovery unit 10, a sustain driver 20, a set-up
signal applying unit 30su’, a set-down signal applying
unit 30sd, a scan bias signal applying unit 40sb, a scan
pulse applying unit 40sp, and a scan IC (IC).
[0061] Description of the same element as a driving
circuit shown in FIG. 4 among elements of the driving
circuit shown in FIG. 5 is omitted.
[0062] Referring to FIG. 5, the set-up switch Q3, which
is included in the set-up signal applying unit 30su’ can
be directly connected to the scan IC (IC) so that the set-
up signal is directly applied to the panel capacitor Cp
without passing through the first node n1 during a reset
period.
[0063] That is, in the first embodiment of a driving cir-
cuit shown in FIG. 4, the set-up signal is applied to the
panel capacitor Cp through a current pass that is con-
nected to the set-up voltage source Vsu, the set-up switch
Q3, the first node n1, the second path-blocking switch
Q10, and scan IC (IC), but in the second embodiment
shown in FIG. 5, the set-up signal is applied to the panel
capacitor Cp through a current pass that is connected to
the set-up voltage source Vsu, the set-up switch Q3, and
the scan IC (IC).
[0064] In the second embodiment shown in FIG. 5, a
voltage of Vsus/2 is applied to the first node n1 at a time
point when a sustain period is ended and there is no
change in a voltage that is applied to the first node n1
even at a time point when a set-up period is started. Ac-
cordingly, a voltage that is applied to the panel capacitor
Cp by the set-up signal applying unit 30su’ rises.
[0065] As shown in FIG. 5, because the set-up signal
applying unit 30su’ is directly connected to the scan IC
(IC), there may be omitted the first path-blocking element
Q11 of FIG. 4 for blocking a set-up signal from being
applied to the sustain driver 20 side. Accordingly, the first
node n1 is directly connected to the sustain driver 20.
[0066] FIG. 6 is a timing chart illustrating a first em-
bodiment of a driving signal waveform according to the
plasma display panel.
[0067] As shown in FIG. 6, during a set-up period, one
end of the scan switch Q5 is connected to the first node
n1 that maintains � a voltage of Vsus/2 and the other
end of the scan switch Q5 is connected to the panel ca-
pacitor Cp that rises � up to the set-up voltage source
Vsu such that a highest voltage that is applied to both
ends of the scan switch Q5 becomes Vsu-Vsus/2. There-
fore, during a set-up period, a voltage, which is applied
to both ends of the scan switch Q5 decreases, compared

to a conventional driving circuit.
[0068] FIG. 7 is a circuit diagram illustrating a third em-
bodiment of a driving circuit that is provided in a plasma
display apparatus according to the present invention. The
driving circuit shown in FIG. 7 includes the energy recov-
ery unit 10, the sustain driver 20, the set-up signal ap-
plying unit 30su’, the set-down signal applying unit 30sd,
the scan bias signal applying unit 40sb, the scan pulse
applying unit 40sp, and the scan IC (IC).
[0069] Description of the same element as a driving
circuit shown in FIG. 4 among elements of the driving
circuit shown in FIG. 7 is omitted.
[0070] In the set-up signal applying unit 30su’, the set-
up switch Q3, which is connected to the set-up voltage
source Vsu and the scan IC (IC) therebetween is turned
on to directly apply a ramp form of set-up signal that rises
up to a set-up voltage to the panel capacitor Cp. A vari-
able resistance VR1 for adjusting an inclination of the
ramp waveform is connected to a control terminal of the
set-up switch Q3.
[0071] As shown in FIG. 7, since the set-up signal is
directly applied to the panel capacitor Cp without passing
through the first node n1, a path-blocking switch Q11 as
shown in FIG. 4 for blocking a current pass of the first
node n1 may be omitted.
[0072] Since the set-down switch Q4, which is con-
nected to the scan IC (IC) and the scan voltage source
-Vy therebetween is turned on, the set-down signal ap-
plying unit 30sd applies a ramp form of set-down signal
that falls up to the scan voltage -Vy to the panel capacitor
Cp. A variable resistance VR2 for adjusting an inclination
of the ramp waveform is connected to a control terminal
of the set-down switch Q4.
[0073] The scan bios signal applying unit 40sb in-
cludes a scan switch Q5 for applying a scan bias voltage
to the panel capacitor Cp and the scan switch Q5 is con-
nected to a lowest sustain voltage source -Vsus/2 that is
used as a scan bias voltage source through the first node
n1.
[0074] The scan pulse applying unit 40sp includes a
scan pulse switch Q6 that is connected to the scan IC
(IC) and the scan voltage source - Vy therebetween. As
the scan pulse switch Q6 is turned on, a scan pulse that
falls from the scan bias voltage -Vsus/2 to the scan volt-
age source -Vy is applied to the panel capacitor Cp.
[0075] As shown in FIG. 7, during a sustain period, the
lowest sustain voltage -Vsus/2 is applied C’ to the panel
capacitor Cp through the first switch Q1, the first node
n1, the scan switch Q5, and the scan-up switch Q7 and
the highest sustain voltage Vsus/2 is applied B’ to the
panel capacitor Cp through the second switch Q2, the
first node n1, the second path-blocking switch Q10, and
the scan-down switch Q8.
[0076] FIGS. 8A, 8B, and 8C are timing charts illus-
trating the second to fourth embodiments of a driving
signal waveform of the plasma display panel.
[0077] Referring to FIG. 8A, the reset period R is a
period of erasing wall charges that are formed by a pre-
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vious sustain discharge and initializing a state of each
cell and is divided into a set-up period SU of supplying a
rising set-up signal and a set-down period SD of supply-
ing a falling set-down signal.
[0078] The set-up signal is supplied through the set-
up switch Q3 and the scan-up switch Q7 from the set-up
voltage source Vsu and the set-down signal is supplied
through the set-down switch Q4 and the scan-down
switch Q8 from the scan voltage source -Vy.
[0079] In the address period A as a period of selecting
a cell to discharge, the scan bias voltage is applied to
the panel capacitor Cp through the second switch Q2,
the first node n1, the scan switch Q5, and the scan-up
switch Q7 from the scan bias voltage source -Vsus/2 and
an address discharge is generated as the scan bios volt-
age is applied to the panel capacitor Cp through the scan
pulse switch Q6 and the scan-down switch Q8 from the
scan voltage source -Vy at a moment when it is synchro-
nized with a data pulse.
[0080] In the sustain period S as a period of alternately
applying a sustain signal to the scan electrode and the
sustain electrode, a highest sustain voltage is applied to
the panel capacitor Cp through the first switch Q1, the
first node n1, the second path-blocking element Q1, and
the scan-down switch Q8 from the highest sustain volt-
age source Vsus/2 and a lowest sustain voltage is applied
to the panel capacitor Cp through the second switch Q2,
the first node n1, the scan switch Q5, and the scan-up
switch Q7 from the lowest sustain voltage source -Vsus/
2, so that a sustain discharge is generated.
[0081] FIGS. 5 and 6 show a voltage that is applied to
both ends of the scan switch Q5 and the second path-
blocking element Q10, where a voltage of both ends de-
creases, compared to a conventional driving circuit.
[0082] As shown in FIG. 5, a set-up signal is directly
applied to the panel capacitor Cp through the set-up volt-
age source Vsu, the set-up switch Q3, and the scan IC
(IC) during a set-up period SU in which a withstanding
voltage of the scan switch Q5 rose and a voltage of the
first node n1 is maintained during the set-up period, so
that a highest voltage, which is applied to both ends of
the scan switch Q5 becomes Vsu-Vsus/2.
[0083] Furthermore, in a sustain period where a with-
standing voltage of the first path-blocking element Q10
rose, as an applying path of a lowest sustain voltage is
formed through the first node n1 and the scan switch Q5,
a resonance current and a discharge current flowing to
the first path-blocking element Q10 are reduced to a half,
so that a highest voltage, which is applied to both ends
of the first path-blocking element Q10 become Vsus/2.
[0084] FIG. 9 is a timing chart illustrating a fifth em-
bodiment of a driving signal waveform according to the
plasma display panel.
[0085] In order to generate driving signals as shown
in FIG. 9, a DC/DC converter is required to generate a
potential corresponding to a driving signal Y, Z, or X in
each period. For example, in case of the signal Y, the
DC/DC converter is required to generate a ramp-up pulse

voltage V1 that is used during a reset period and to gen-
erate a scan bias voltage V3 and a negative scan voltage
(or a ramp-down pulse voltage) V5 that is used during
an address period. Furthermore, the DC/DC converter is
required to generate a highest sustain voltage V2 and a
lowest sustain voltage V4 that is used during a sustain
period. In general, the highest sustain voltage V2 may
correspond to a sustain voltage Vsus and the lowest sus-
tain voltage V4 may be a reference potential Vref. Alter-
natively, a plasma display apparatus according to an em-
bodiment of the present invention can be driven in a half
sustain mode and at this case, a highest sustain voltage
V2 may be Vsus/2 and a lowest sustain voltage V4 may
be -Vsus/2.
[0086] Because potentials requiring in each period are
different from each other, a DC/DC converter is required
to convert from a DC voltage having a predetermined
level to another DC voltage having a corresponding level.
[0087] Furthermore, a fixed voltage difference ∆V is
required between a negative scan voltage V5 and a scan
bias voltage V3. However, as the negative scan voltage
V5 changes, it is required to change a level of the scan
bias voltage V3.
[0088] FIG. 10 is a circuit diagram illustrating a fourth
embodiment of a driving circuit that is provided in a plas-
ma display apparatus according to the present invention.
A driving circuit shown in FIG. 10 includes a sustain signal
applying unit 110, a set-up signal applying unit 112, a
charging unit 114, a scan bios signal applying unit 116,
a set-down signal applying unit 118, a scan IC 120, and
path-blocking switches PASS_BOTTOM and PASS_
TOP. Description of the same element as the driving cir-
cuit shown in FIG. 4 among elements of the driving circuit
shown in FIG. 10 is omitted.
[0089] Referring to FIG. 10, the sustain signal applying
unit 110 includes an energy recovery unit and a sustain
driver. The charging unit 114 includes a scan switch
SCAN, a capacitor C2, and a diode D4. The diode D4
has a positive electrode and a negative electrode that
are provided between the capacitor C2 and a reference
potential.
[0090] FIG. 11 shows a current pass of the driving cir-
cuit shown in FIG. 10 in a sustain period. The charging
unit 114 charges a highest sustain voltage +Vsus/2 that
is applied to the panel capacitor Cp in a sustain period.
[0091] That is, in a sustain period, a sus-up switch
SUS_UP, a first path-blocking switch PASS_BOTTOM,
and a scan switch SCAN are turned on and a sus-down
switch SUS_DOWN and a second path-blocking switch
PASS_TOP are turned off. Accordingly, because a cur-
rent path, which is connected to a reference potential via
the switches SUS_UP, PASS_BOTTOM, and SCAN and
then the capacitor C2 and the diode D4, is formed in an
arrow direction 130, a sustain-up voltage +Vsus/2 can
be charged to the capacitor C2.
[0092] FIG. 12 shows a current pass of the driving cir-
cuit shown in FIG. 10 in a sustain period. FIG. 13 is a
timing chart illustrating a sixth embodiment of a driving
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signal waveform according to the plasma display panel.
[0093] Referring to FIGS. 12 and 13, the scan bias
signal applying unit 116 applies a voltage having a level
higher by a level of a sustain-up voltage +Vs/2 than a
set-down voltage V_y as a scan bias voltage Vscb to the
panel capacitor Cp in an address period.
[0094] The scan bios signal applying unit 116 includes
the first and second switches S1 and S2 and a diode D5.
The first and second switches S1 and S2 are connected
to the set-down voltage source V_y and the charging unit
114 therebetween and turned on in an address period.
The diode D5 has a positive electrode and a negative
electrode that are connected to each of a contact point
of the capacitor C2 and the scan switch SCAN and the
scan-up switch S3 of the scan IC 120.
[0095] In an address period, the first and second
switches S1 and S2 and the scan-up switch S3 are turned
on and the set-down switch SET_DN, the second path-
blocking switch PASS_TOP, and the scan-down switch
S4 are turned off. Accordingly, a current pass 130, which
is connected to the panel capacitor Cp via the first and
second switches S1 and S2, the capacitor C2, the diode
D5, and the scan-up switch S3, is formed.
[0096] As the first switch S1 is turned on, a voltage
+Vsus/2 that is charged to the capacitor C2 starts a dis-
charge and as shown in FIG. 12, a scan bias voltage is
floated as a voltage higher than a set-down voltage V_
y. Referring to FIG. 12, the scan bias voltage Vscb and
the set-down voltage V_y maintain a voltage difference
∆V.
[0097] As shown in FIG. 10, a driving circuit of the plas-
ma display apparatus according to the present invention
does not have a separate scan voltage source Vsc, con-
nects the scan switch SCAN to the first path-blocking
switch PASS_BOTTOM, and has the charging unit 114,
thereby generating a scan bias voltage Vscb without a
separate DC/DC converter.
[0098] FIG. 14 is a circuit diagram illustrating a fifth
embodiment of a driving circuit that is provided in a plas-
ma display apparatus according to the present invention,
where a sustain voltage Vsus is assumed to 100V.
[0099] FIG. 15 is a timing chart illustrating a seventh
embodiment of a driving signal waveform according to
the plasma display panel, where a waveform of a driving
signal, which is applied to the panel capacitor Cp by the
circuit diagram shown in FIG. 14 is shown. Referring to
FIG. 14, it can be seen that a scan bias voltage Vscb 50
is floated by ∆V, compared to the set-down voltage V_y.
[0100] A plasma display apparatus of the present in-
vention having the above-described construction reduc-
es a voltage that is applied to both ends of a scan switch
during a set-up period by converting circuit connection
of a scan switch of applying a scan bias signal and circuit
connection of a set-up switch of applying a set-up signal
to each other, so that the durability of a switch element
is improved and a manufacture cost can be reduced by
selecting a switch element having a low withstanding volt-
age.

[0101] Furthermore, a circuit cost can be reduced by
removing a DC power source Vsc required for generating
a scan bias voltage Vscb in an address period. Unlike a
conventional PDP driving apparatus in which a scan bias
voltage is held to only a specific potential -Vsus/2 or GND,
a scan bias voltage Vscb can be held with a specific volt-
age ∆V against a set-down voltage V_y, whereby the
degree of freedom in a waveform is high, so that the
degree of freedom of a waveform depending on an actual
driving condition can be improved.
[0102] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

Claims

1. A plasma display apparatus comprising:

a scan-up switch and a scan-down switch whose
one ends are connected to the panel so as to
apply a scan signal to a panel; and
a scan switch that is connected to a node that
is positioned on a path of a resonance current
flowing to the panel and the scan-up switch ther-
ebetween.

2. The plasma display apparatus of claim 1, further
comprising a set-up switch that is connected to the
node to be turned on so as to apply a set-up signal
to the panel.

3. The plasma display apparatus of claim 1, further
comprising:

a sustain driver that applies a sustain signal to
the panel; and
a first path-blocking element that is connected
to the sustain driver and the node therebetween.

4. The plasma display apparatus of claim 1, wherein a
second path-blocking element that is connected to
the node and the other end of the scan-down switch
therebetween.

5. The plasma display apparatus of claim 1, further
comprising a complementary scan switch that com-
plementarily operates with the scan switch so as to
apply a lowest sustain voltage to the panel.

6. The plasma display apparatus of claim 5, wherein
one end of the complementary scan switch is con-
nected to the scan switch and the scan-up switch
and the other end thereof is connected to the scan-
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down switch.

7. The plasma display apparatus of claim 1, further
comprising a set-up switch whose one end is con-
nected to the scan switch and the scan-up switch to
be turned on so as to apply a set-up signal to the
panel.

8. The plasma display apparatus of claim 1, further
comprising a scan pulse switch that is connected to
the scan-down switch and a scan voltage source
therebetween to be turned on so as to apply a scan
bias voltage to the panel.

9. The plasma display apparatus of claim 1, further
comprising a sustain driver that applies a sustain sig-
nal to the panel,
wherein a lowest sustain voltage source of the sus-
tain driver is used as a scan bias voltage source.

10. A plasma display apparatus comprising:

a scan-up switch and a scan-down switch whose
one ends are connected to the panel so as to
apply a scan signal to a panel;
a scan switch that is connected to a node that
is positioned on a path of a resonance current
flowing to the panel and the scan-up switch ther-
ebetween; and
a set-up switch whose one end is connected to
the node and whose the other end is connected
to the other end of the scan-up switch to be
turned on so as to apply a set-up signal to the
panel.

11. The plasma display apparatus of claim 10, further
comprising a path-blocking switch that is connected
to the node and the scan-down switch therebetween.

12. The plasma display apparatus of claim 11, further
comprising a sustain driver that applies a sustain sig-
nal to the panel,
wherein the path-blocking switch is turned on to ap-
ply a highest sustain voltage that is output from the
sustain driver to the panel.

13. The plasma display apparatus of claim 10, further
comprising a sustain driver that applies a sustain sig-
nal to the panel,
wherein the scan switch is turned on to apply a lowest
sustain voltage that is output from the sustain driver
to the panel.

14. A plasma display apparatus comprising:

a charging unit that charges a sustain voltage
that is applied to a panel during a sustain period;
and

a scan signal applying unit that applies a scan
bias voltage higher than a set-down voltage,
which is a lowest voltage of a set-down signal
to the panel using a voltage that is charged in
the charging unit.

15. The plasma display apparatus of claim 14, wherein
the scan bias voltage is substantially equal to the
sum of the set-down voltage and a voltage that is
charged in the charging unit.

16. The plasma display apparatus of claim 14, further
comprising a sustain driver that outputs a sustain
voltage that is applied to the panel, and
the charging unit comprises
a capacitor; and
a scan switch that is connected to the capacitor and
the sustain driver therebetween to be turned on so
that a sustain voltage, which is output from the sus-
tain driver is charged to the capacitor.

17. The plasma display apparatus of claim 16, further
comprising a diode whose a positive electrode is
connected to one end of the capacitor and whose a
negative electrode is connected to a reference volt-
age source.

18. The plasma display apparatus of claim 14, wherein
the scan signal applying unit comprises
a scan pulse switch that is turned on so as to supply
the set-down voltage to the panel; and
a first switch that is connected to the charging unit
and the scan pulse switch therebetween to be turned
on so that a scan bias voltage higher than the set-
down voltage is applied to the panel.

19. The plasma display apparatus of claim 18, further
comprising:

a scan-up switch and a scan-down switch whose
one ends are connected to the panel so as to
apply a scan signal to the panel; and
a diode whose a positive electrode is connected
to the charging unit and whose a negative elec-
trode is connected to the other end of the scan-
up switch.

20. The plasma display apparatus of claim 14, wherein
it operates in a half sustain mode.
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